AnAlysis of the vegetAtion of the sAndstone ridges (ib lAnd type) of the north-eAstern pArts of the MApungubwe nAtionAl pArk, liMpopo province, south AfricA
The establishment of the Mapungubwe National Park (initially the Vhembe-Dongola National Park) has been an objective of South African National Parks for many years. The main motivation has been the rich biodiversity of the area, its great scenic beauty and the cultural importance of the archaeological treasures of Mapungubwe. The artefacts discovered at this site rank among the most important pieces of ancient history yet found in sub-Saharan Africa (Willcox 1966) . The significance of this proposed park and its surrounding areas is further enhanced by the potential role of the area as a sanctuary for some of the most endangered mammals on earth, such as the black rhinoceros and the African wild dog (Robinson 1996) .
One of the primary goals of nature conservation should be focused on preserving diversity and the persistence of species (Walker 1989) . When the natural habitats of plants have been destroyed, it is possible to cultivate and conserve plants in botanical gardens, but there is little of the genetic variation, as found between plants in their natural habitats, in botanical gardens (McNaughton 1989) . Therefore, in order to conserve nature and its resources, it is important that nature reserves/ national parks are upgraded and managed well (Brown 1997) . Nature reserves and national parks provide reservoirs of a country's fauna and flora (Greyling & Huntley 1984; Brown 1997) . A sound knowledge of the vegetation ecology of areas of conservation significance is essential for the establishment of efficient wildlife and environmental management programmes and the compilation of conservation policies (Bredenkamp & Theron 1978; Bredenkamp et al. 1993; Bezuidenhout 1996) . Edwards (1972) stated that the optimal use of natural resources cannot be taken care of without adequate knowledge of the ecosystems involved.
In the Mapungubwe National Park, the Ib land type (Figure 1 ) has the second highest plant diversity of all the land types in the park, with 219 plant species identified during the course of this study. There are a large number of microhabitats within each of the larger identifiable habitats, and these contribute to the high species diversity and complex nature of the Ib land type. These microhabitats range from depressions in the rock surface, where soil that is transported by wind and water is trapped, to vertical face-rock habitats and cracks and seams in the mother rock. Because of the complexity of the habitats within this land type, the classification of the resulting complex vegetation was a great challenge.
study AreA
The Mapungubwe National Park is centred on the confluence of the limpopo and Shashi Rivers in the limpopo Valley in the limpopo Province of South Africa. It lies on the international borders between Botswana, Zimbabwe and South Africa (Robinson 1996) (Figure 1 ). Sandstone ridges were studied on the farms Greefswald and Riedel, because entrance was restricted to the other farms (Figure 1 ), as they were not formally included in the park at the time the survey was done (Götze 2002 ).
The climate is semi-arid, with a long-term mean annual rainfall of 350 mm per annum (Willcox 1966; Robinson 1996) . Rainfall is highly variable and usually falls during the summer months between October and March. Surface drainage is mostly in a northerly direction towards the limpopo River. None of the rivers in the area, including the limpopo, are perennial. The study area is between 300 m and 780 m above sea level. South of the Limpopo River the topography tends to be flat with sandstone and conglomerate ridges and koppies. Nearer the limpopo River the plains give way to a rugged, hilly terrain.
According to Van Rooyen and Bredenkamp (1996) , the study area is situated in Mopane Bushveld, while Acocks (1988) placed it in veld type no.15, also called Mopane Veld. The most recent vegetation map of South Africa, lesotho and Swaziland (VEGMAP) places the Ib land type in the limpopo Ridge Bushveld in the Mopane Bioregion of the Savanna biome (Mucina et al. 2005 , Mucina & Rutherford 2006 . Other vegetation studies done in the Mapungubwe National Park and the surrounding areas include a terrain and vegetation evaluation by the former South African Defence Force (South African Defence Force 1986a , 1986b , a study by O'Connor (1991) of vegetation types in the limpopo-Venetia Nature Reserve, and a vegetation survey by Timberlake et al. (1999) of the Maramani/Tuli Area, across the limpopo River in south-western Zimbabwe. Other studies in the Musina area that included parts of the limpopo Ridge Bushveld were done at the Messina Experimental Farm (dekker & Van Rooyen 1995) and the Honnet Nature Reserve (Visser et al. 1996) . However, none of the previous studies focused specifically on the sandstone ridges of the Ib land type. Robinson (1996) stated that the park has numerous archaeological sites dating from the Early Stone Age to the present. Many of these sites, which are concentrated in the area of the confluence of the limpopo and Shashi Rivers, are of major importance and scientific value. Of particular interest is the zhizo site (Ad 700-900) on the farm Schroda, and Mapungubwe Hill and the adjoining Bambandyanalo (Ad 1100-1250), situated on the farm Greefswald. According to Voigt and Plug (1981) , the Mapungubwe site is considered to be of major importance in sub-Saharan Africa and is the most remarkable Iron Age site in South Africa. Additional features of importance are the numerous rock paintings and petroglyphs found in the area.
Methods
With the aid of different maps of the area, such as topographical, geological, soil and existing vegetation maps and aerial photographs, a preliminary evaluation of the study area was made. In conjunction with this, a detailed reconnaissance of the area was done to determine homogeneous areas in the vegetation before sampling commenced. Using visual estimates, sampling was done by means of the Braun-Blanquet method (Muellerdombois & Ellenberg 1974) . Land types were used to stratify the study area. Other land types that were studied included the Ia (Götze et al. 2003) , db, Fb and Ae land types (Götze 2002) . A total of 48 stratified random relevés, each covering an area of 50 x 50 m, were sampled.
Plant nomenclature follows Germishuizen et al. (2006) and soil classification was done in accordance with the Soil Classification Work Group (1991) . Trees and shrubs were classified using the guidelines set by Edwards (1983) . Trees were classified as rooted, woody, self-supporting plants over 2 m high and with one or a few definite trunks, and shrubs were classified as rooted, woody, self-supporting, multi-stemmed or singlestemmed plants less than 2 m in height (Edwards 1983 ).
The habitat conditions, including geology, soil forms and other edaphic factors, slope, aspect and the rockiness of the soil surface were qualitatively described for each relevé. This information was used in the description of the different plant communities. The coordinates of each relevé were determined with the use of a GPS and noted.
All relevé data were imported into the TURBOVEG database (Hennekens 1996a) . The numerical classification technique TWINSPAN (Hill 1979a) , which is regarded by several phytosociologists (Mucina & Van der Maarel 1989; Bredenkamp & Bezuidenhout 1995; Cilliers 1998 ) as a successful approach for classification, was used as a first approximation to classify the floristic data. Subsequently, Braun-Blanquet procedures were used to refine data and construct phytosociological tables (Table 1) using a visual editor, MEGATAB (Hennekens 1996b) . Using the phytosociological tables and the habitat information gathered during the sampling period, the different plant communities were identified and described.
results And discussion

Classification
The Ib395 land type (Figure 1 ) contains a unique habitat that consists of rocky koppies with shallow lithosols of the Mispah and Glenrosa soil forms. The terrain occupied by this land type is made up of rugged crest areas (Terrain Unit 1 = TU1), vertical cliffs (TU2), foot slopes (TU3) and drainage areas at the very foot of the sandstone koppies (TU5 large areas of bare sandstone are common and constitute between 30 and 70% of the total surface area. The community is moderately grazed, mostly by small wildlife types. This is due to the fact that the largest part of this rocky community is inaccessible to most large mammals. The community is home to a healthy population of the nimble klipspringer (Oreotragus oreotragus), which feeds on herbs and shrubs on or at the base of rocky outcrops (Wynne-Jones 1982) . Apart from natural weathering of sandstone and natural erosion of the resulting sand particles, no other erosion of a serious nature was observed in the area.
The diagnostic plant species of the Hexalobus monopetalus -Croton gratissimus var. subgratissimus community are found in species group A ( Table  1 ). This community is further differentiated from the Terminalia prunioides -Grewia bicolor community (2) by the absence of the species of species group I ( Table 1 ).
The average tree height of this community is 3.3 m and the canopy cover varies from 10 to 50%. The shrub layer has an average height of 1.3 m and a canopy cover of between 6 and 60%. The herbaceous layer varies in canopy cover from 30 to 71%, with an average height of 0.5 m.
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Two variants were identified in the Psydrax livida -Oropetium capense subcommunity:
1.1.1 The Mundulea sericea -Zornia glochidiata variant 1.1.2 The Strychnos madagascariensis -Coleochloa pallidior variant
The Mundulea sericea -Zornia glochidiata variant
This variant is most commonly found on crests (TU1) and less commonly on foot slopes (TU3) in the Psydrax livida -Oropetium capense subcommunity (1.1). The dominant soil form is Mispah, while Glenrosa occurs to a lesser extent. The soils are shallow and sandy in texture. Approximately 35% of the area is overlain by solid sandstone and the rockiness of the available soil surfaces is between 55 and 70%. This variant shows signs of moderate grazing because it is accessible to larger mammals in some instances. This variant occasionally was observed in the vicinity of natural seeps and rock pools filled with water during the rainy period.
The diagnostic species of the Mundulea sericea -Zornia glochidiata variant are found in species group C (Table 1) . These include the tree species Mundulea sericea, Brachylaena huillensis and Sclerocarya birrea subsp. caffra, the grass species Eragrostis viscosa and the forb Zornia glochidiata. This variant is differentiated from the Strychnos madagascariensis -Coleochloa pallidior variant (1.1.2) by the infrequent occurrence or absence of the species of species group d (Table 1) . Large specimens of the tree species Ficus abutilifolia are also common in this variant.
The average height of the tree layer is 3.0 m and the canopy cover ranges from 10 to 35%. The shrub layer has an average height of 1.3 m and canopy cover varying between 10 and 25%. The herbaceous layer covers between 40 and 60% with an average height of 0.5 m.
The Strychnos madagascariensis -Coleochloa pallidior variant
This variant makes up approximately 60% of the surface area of the Psydrax livida -Oropetium capense subcommunity (1.1). It occurs mainly on the undulating foot slopes (TU3) of the Ib land type, but also to a lesser extent on the crests of the terrain (TU1). The main soil forms are sandy Mispah and Glenrosa soils. Grazing levels seemed to be lower than in the Mundulea sericea -Zornia glochidiata variant (1.1.1), as this area is less accessible to large mammals. The plant diversity of this variant is marginally higher than that of the Mundulea sericea -Zornia glochidiata variant (1.1.1), probably due to the larger number of microhabitats found in this variant because of the more undulating nature of the terrain, which provides more microclimates than the open, flat terrain of the Mundulea sericea -Zornia glochidiata variant (1.1.1). It was noted that most of the larger tree species were found growing in seams and crevices in the sandstone. The rockiness of the soil surface varies between 50 and 75% and roughly 30% of the area consists of bare rock.
Diagnostic species include the tree species Euclea natalensis subsp. angustifolia, which also occurs in shrub form, and Pappea capensis, the grasses Digitaria eriantha and Pogonarthria squarrosa, the sedge Coleochloa pallidior and the forbs Corchorus kirkii, Indigofera laxeracemosa and Xerophyta retinervis (species group D, Table 1 ). Species with high cover abundance values are the tree species Strychnos madagascariensis (species group E, Table 1 ) and the shrubs Croton pseudopulchellus (species group B, Table 1 ) and Grewia flavescens (species group N, Table 1 ).
The tree layer has an average height of 3.0 m and a canopy cover varying between 10 and 35%. The shrub layer covers between 6 and 26% of the variant area, with an average height of 1.2 m. The herbaceous layer reaches an average height of 0.5 m and the canopy cover varies between 30 and 60%. The tree layer has an average height of 3.8 m. This is on average 80 cm higher than the tree layer of the Ficus tettensis -Waltheria indica subcommunity. The tree cover of this subcommunity varies between 5 and 50%. The shrub layer reaches an average height of 1.5 m and has a varying canopy cover of 22 to 60%. The herbaceous layer covers between 35 and 70% of the area and has an average height of 0.6 m.
Two variants were identified in this subcommunity: 1.2.1 The Stipagrostis uniplumis -Pavonia dentata variant 1.2.2 The Hibiscus coddii -Tragia rupestris variant
The Stipagrostis uniplumis -Pavonia dentata variant
This variant is most commonly situated on the crest (TU1) and foot slope (TU3) of the Ib land type. The Glenrosa soil form dominates the area occupied by the variant and the Mispah soil form occurs less regularly. The areas in which this variant is found have deeper soils than those of the Hibiscus coddii -Tragia rupestris variant (1.2.2). The variant is minimally grazed and no severe signs of vegetation and soil degradation were observed. large portions of bare rock surfaces are present and cover approximately 35% of the area. The rockiness of the soil surface is between 30 and 40%.
The diagnostic species of the Stipagrostis uniplumis -Pavonia dentata variant are found in species group G (Table 1) . They include the tree species Lannea schweinfurthii var. stuhlmannii, the woody creeper Combretum microphyllum, the grass Stipagrostis uniplumis and the forbs Pavonia dentata, Acrotome inflata and Blepharis subvolubilis var. subvolubilis. Pavonia dentata is regarded as an endemic species to the limpopo Ridge Bushveld (Mucina & Rutherford 2006 The tree layer is well developed, with an average height of 4.0 m and a canopy cover of 15 to 50%. The shrub layer has a canopy cover ranging from 22 to 60% and an average height of 1.5 m. The herbaceous layer covers 35 to71% of the area and reaches an average height of 0.6 m.
The Hibiscus coddii -Tragia rupestris variant
This variant is found on moderately deep and shallow soils on the crests (TU1) and cliff sides (TU2) of the Ib land type. The main soil forms are Glenrosa and Mispah. The variant is often found on the verges of cliff sides and also on ledges and crevices on steep inclines of the sandstone ridges. Grazing levels are low and the area as a whole is not seriously degraded. Open rock surfaces cover about 40 to 50% of the area of the variant and the rockiness of the soil surface is between 20 and 30%. The tree layer has a canopy cover varying between 5 and 30%, with an average height of 3.5 m. The shrub layer reaches an average height of 1.3 m and has a canopy cover varying from 5 to 50%. The canopy cover of the herbaceous layer varies from 20 to 66%, with an average height of 0.5 m.
The Terminalia prunioides -Grewia bicolor community
This community is found on shallow and moderately deep soils on the crests (TU1) and foot slopes (TU3) of the Ib land type and occurs on the two farms Greefswald and Riedel in the Mapungubwe National Park. The common soil forms found in this community are shallow Mispah and deeper Glenrosa lithosols, as well as moderately deep Hutton soils. The soils generally have a sandy texture and, as a result, are well drained. The largest portion of this community is underlain by sandstone as the mother rock, and a smaller portion is underlain by intrusions of dolerite. These dolerite areas are in the form of long, narrow intrusions, often cropping out in jagged hilly formations or rocky flats. Approximately 10 to 30% of the area of the community is covered by exposed bedrock and between 20 and 50% of the available soil surface is covered by rocks. The area is moderately grazed and, in some places, is trampled by game. With the exception of the Hermbstaedtia odorata -Heliotropium ovalifolium subcommunity, the Terminalia prunioides -Grewia bicolor community is generally in a good condition.
The diagnostic species of this community are found in species group I (Table 1) . These species include the tree species Terminalia prunioides, Commiphora tenuipetiolata, C. glandulosa and Grewia bicolor, with the latter occurring mostly in shrub form. Other diagnostic species are the grass species Aristida congesta subsp. congesta and the bushy forb Commicarpus pentandrus. The Terminalia prunioides -Grewia bicolor community (2) is differentiated from the Hexalobus monopetalus -Croton gratissimus var. subgratissimus community (1) through the absence or infrequent occurrence of the species of species group A (Table 1) . These two communities only have a few species in common, namely the general species of species group P (Table 1) .
The tree layer of this community has a canopy cover of between 10 and 57% and an average height of 4.8 m. The shrub layer covers between 5 and 45% of the area, with an average height of 1.4 m, and the herbaceous layer has a varying canopy cover of 32 to 90% and an average height of 0.5 m. Table 1 ).
The height of the tree layer of the Acacia senegal -Barleria senensis subcommunity averages 4.4 m, with a canopy cover of 30 to 57%. The shrub layer has an average height of 1.3 m and the canopy cover varies between 8 and 45%. The herbaceous layer has a canopy cover ranging from 48 to 90% and an average height of 0.5 m.
The Colophospermum mopane -Vernonia cinerascens subcommunity
This subcommunity is found on the farms Greefswald and Riedel in the Mapungubwe National Park. As in the case of the Acacia senegal -Barleria senensis subcommunity (2.1), it occurs on the crests (TU1) and foot slopes (TU3) of the Ib395 land type.
The main soil forms found in this variant are shallow Mispah and moderately deep Glenrosa and Hutton soils. The soil has a sandy to loamy texture and in the case of Hutton soils the subsoil is rocky. The rockiness of the soil surface is between 20 and 50% and approximately 10 to 20% of the area is covered by exposed bedrock. Grazing levels are moderate to low, depending on the accessibility of the landscape.
The diagnostic species of this subcommunity are found in species group L ( Rooyen (1995) shows some similarities with the Ficus tettensis -Waltheria indica subcommunity of the Hexalobus monopetalus -Croton gratissimus var. subgratissimus community, but was associated with domeshaped granite hills in that study.
The Albizia -Combretaceae open woodland/shrubland was identified and described in a study conducted by Timberlake et al. (1999) across the Limpopo River in the south-western parts of zimbabwe. Regarding habitat and floristic composition, this vegetation unit shows similarities with the Hexalobus monopetalus -Croton gratissimus var. subgratissimus (1) and Terminalia prunioides -Grewia bicolor (2) communities, which were identified on the Ib395 land type during the course of this study.
This study made an important contribution to our knowledge of the vegetation on sandstone hills in the limpopo Ridge bushveld, because little was known about them previously. Due to the fragmentary nature of the Ib land type, a vegetation map was not produced. A vegetation map of the Mapungubwe National Park will be compiled after a synthesis of the current study and studies on other land types, such as the Ia land type (Götze et al. 2003) and the db, Fb and Ae land types (Götze 2002, Götze et al. in prep.) . The synthesis will also put the communities described in this study into context with other communities in the park (interpretation of relationships between different communities), making it possible to compare the major vegetation groups and subgroups in the park with previously described units such as the different types of Mopane veld (Siebert et al. 2003) . The major vegetation groups and subgroups of the Mapungubwe National Park will be used as a basis to compile and map management units (Götze 2002, Götze et al. in prep.) .
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2.3
The Hermbstaedtia odorata -Heliotropium ovalifolium subcommunity This highly disturbed subcommunity occurs mainly on the farm Greefswald in the Mapungubwe National Park. The degradation was caused primarily by the actions of the former South African Defence Force. The subcommunity is commonly found on old campsites, which vary from permanent to temporary camps. A large degree of deforestation and landscaping has taken place in most of these areas. It was also observed that specimens of the majestic Adansonia digitata, which were removed from the surrounding areas, were transplanted in some of these areas. As a whole, these areas are degraded severely, with large areas devoid of vegetation. An old dumping site and a case of serious soil pollution at a former fuelling station were recorded as being among the most severely degraded sites in the area.
The main soil forms vary from shallow Mispah to moderately deep Glenrosa and even some patches of Witbank soils of varying depths. The Witbank soil form comprises soils deposited by humans, usually for landfills or other landscaping works (Soil Classification Work Group 1991) . The rockiness of the soil surface varies from 15 to 25%. Grazing levels are moderate, but the impact of the grazing in these areas is severe due to the large degree of anthropogenic-induced degradation.
No diagnostic species were identified in this degraded subcommunity, but it was characterised by the constant occurrence and high abundance of the species of species group O (Table 1) , including the shrubby Cordia monoica, the grass species Urochloa mosambicensis and the forbs Hermbstaedtia odorata, Heliotropium ovalifolium, Tribulus zeyheri subsp. zeyheri and Cleome angustifolia subsp. petersiana. This subcommunity is differentiated from the Acacia senegal -Barleria senensis subcommunity (2.1) and the Colophospermum mopane -Vernonia cinerascens subcommunity (2.2) by the absence or infrequent occurrence of the species of species groups J to N ( Table 1) . The poor conditions of the veld are confirmed further by the presence of the weed species Amaranthus, Alternanthera pungens, Chenopodium carinatum and Schkuhria pinnata, and the grass species Tragus berteronianus (other species, Table 1 ).
The tree layer reaches an average height of 6.0 m and a canopy cover of between 12 and 45%. The shrub layer has an average height of 1.6 m and the canopy cover varies between 1 and 30%, while the herbaceous layer reaches an average height of only 0.3 m and a poor canopy cover of between 30 and 45%.
conclusion
The high plant diversity, the great scenic beauty and uniqueness of the landscape, the cultural importance of the archaeological treasures of the Mapungubwe Cultural landscape in the Ib land type in the Mapungubwe National Park, and a rich population of mammals, birds and reptiles, give this area a large claim to conservation.
Some of the vegetation types described in the Ib land type are similar to those previously described in other studies. The South African defence Force (1986b) previously described the vegetation and habitat of the sandstone ridges of the Ib395 land type in a report on the vegetation of the maps of the areas Mapungubwe (2229AB) and Coila (2229Ad). The mixed Colophospermum mopane, Combretum apiculatum, Commiphora spp. and Terminalia prunioides community identified by the South African defence Force (1986b) was described on the same sandstone ridges of the study area in which the Hexalobus monopetalus -Croton gratissimus var. subgratissimus (1) and Terminalia prunioides -Grewia bicolor (2) communities were
